Entomological examination of the relationship between ante-mortem and post-mortem amitriptyline concentrations in insects by Sanyanga, Taremekedzwa
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
ENTOMOLOGICAL EXAMINATION OF THE RELATIONSHIP 
BETWEEN ANTE-MORTEM AND  
POST MORTEM AMITRIPTYLINE CONCENTRATIONS 
IN INSECTS  
 
 
 
By 
 
 
ALLAN TAREMEKEDZWA SANYANGA 
 
 
 
 
 
SUBMITTED TO THE UNIVERSITY OF CAPE TOWN 
In partial fulfilment of the requirements for the degree 
 
MPhil (Biomedical Forensic Science) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supervisor: Dr Marise Heyns 
Co-supervisor: Mr Calvin Gerald Mole 
Department of Pathology 
Faculty of Health Sciences 
 
 
 
 
 
 
 
15 February 2016 
DECLARATION 
 
The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 
Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 
Un
ive
rsi
ty 
f C
ap
e T
ow
n
 II 
 
I Allan T. Sanyanga hereby declare that the work on which this dissertation/thesis is based is my 
original work (except where acknowledgements indicate otherwise) and that neither the whole body 
nor any part of it has been, is being, or is to be submitted for another degree in this or any other 
university. 
I empower the university to reproduce for the purpose of research either the whole or any portion of 
the contents in any manner whatsoever. 
 
Allan T. Sanyanga 
15/02/2016 
  
III 
TURNITIN REPORT 
snytar001 :TurnltlnThesis.docx 
FILE 
T IME SUBMITTED 
SUBMISSION ID 
by Allan Sanyanga 
Gi'<Ml:.NT S fl lBC8DBA DC62-4 7D2-AC01 
923E:53A 15CB7 ~ uRNIT 1 Ml 
WORD COUNT 14191 13-FEB-2016 07:25PM 
631555627 CHARACTER COUNT 84746 
IV 
T "RNITJN REPORT 
ORIGINN.ffY REPORT 
St.41.ARrTYN>EX NTERtET' SOURCES PUBUCATDNS 
PRNAAYSOURCES 
II 
II 
El 
II 
El 
II 
II 
Submitted to University of Cape Town 
Student Paper 
"ICTX Congress Special Issue", Toxicology 
and Applied Pharmacology, 20040615 
P~icatlon 
Submitted to 76830 
Student Paper 
www.patentgenius.com 
tite met So...-ce 
Tarone, A. M., C. J. Picard, C. Spiegelman, 
and D.R. Foran. "Population and 
Temperature Effects on Lucilia sericata 
(Diptera: Calliphoridae) Body Size and 
Minimum Development Time", Journal of 
Medical Entomology, 2011. 
P~icatlon 
www .science.gov 
hie met Sol.l'ce 
ir.knust.edu.gh 
tite met So...-ce 
www.nmmu.ac.za 
V 
El htemet Sot.Ice <1% 
El www.wrc.org.za <1% ntemet Source 
m www.bioflexlaser.com <1% ntemet Soun:e 
m www.ncbi.nlm.nih.gov <1% htemet Source 
m Submitted to National University of Ireland, <1% Galway 
Student Paper 
m M. C. Kollos. "2G-1 Ultrasonic Assessment of <1% Death In HEp2 Cells Using Spectral and 
Wavelet Based Analysis of Backscattered 
RF-Signals", 2006 IEEE Ultrasonics 
Symposium, 10/2006 
Po.blicat Ion 
m Submitted to University of Wales, Bangor <1% Student Paper 
m Mullany, Christina, Paul A. Keller, Ari S. <1% Nugraha, and James F. Wallman. "Effects of 
methamphetamine and its primary human 
metabolite, p-hydroxymethamphetamine, on 
the development of the Australian blowfly 
Calliphora stygia•, Forensic Science 
International, 2014. 
PIA>licatlon 
II 
VI 
m Empirical Approaches to Fiscal Policy Modelling, 1993. 
Pl.t>lcatlon 
EXCWOE QUOTES ON excwoe MATCHES < 12 WORDS 
EXCWDE ON 
lllllX)GRAPHV 
Ill 
 VII 
ABSTRACT 
 
When the death of an individual has occurred, the body of the deceased is not always discovered 
immediately and at times the body may be discovered after a long period of time. The consequence 
of discovering a body after a long period of time is that the body maybe found severely decomposed 
or skeletonized. As a result no viable blood, urine or tissue samples may exist that can be collected 
and utilized in toxicological analyses. Entomotoxicology offers a supplementary method to detect 
and analyse the presence of drugs post-mortem, especially in cases where viable toxicological 
specimens such as human tissue cannot be obtained. In South Africa and globally, standardised 
methodology is required to perform entomological examinations accurately, however due to the 
large variation of experimental set-up no such standardised methods yet exist. The main aim of the 
research was to analyse the effect of Amitriptyline on the development and growth rate of 
forensically important blow flies, and to investigate the potential in using blow fly larvae of the 
Western Cape, South Africa in forensic entomotoxicological analyses and future implementation. 
To achieve this blow fly species C. chloropyga and L. sericata were reared on homogenised pig 
liver containing 1000 mg/kg Amitriptyline until emergence of imago. The duration of time taken by 
the blow fly larvae species to reach 1st, 2nd, 3rd, pupae and imago growth stages in the presence and 
absence of Amitriptyline was noted. The presence of drugs in larvae was investigated using high-
pressure liquid chromatography coupled with dual mass spectrometry (HPLC/MS-MS). 
Amitriptyline was detected in all experimental larvae samples and was found to delay pupation by 
at least 26 hours and imago emergence by at least 72 hours. Amitriptyline however showed no 
distinct effect on C. chloropyga length and mass but was associated with a smaller length and mass 
in L. sericata compared to controls. Results indicate that entomotoxicology can be of use for 
qualitative analysis for the presence of Amitriptyline in forensic cases. Results also highlight the 
unpredictability of research using biological specimens. 
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Introduction 
Amitriptyline is a tricyclic antidepressant that also produces anti-nociceptive (pain stimulus 
inhibition) effects [1, 2]. When comparing the reaction of individuals to an applied pain stimulus, 
pain threshold has been proven to not differ greatly physiologically, but to be greatly dependent on 
the psychological state of the individual [2, 3]. In the management of nociceptive injuries, the 
combination of psychotropic drugs together with analgesics, has been associated with a reduction in 
drug dependence and an increase in pain threshold especially in the instance of chronic pain 
medication [3]. Though there are decreases in drug dependency, the prolonged administration of 
medication can result in behavioural changes, tolerance and drug dependence [4]. When 
tachyphylaxis (rapidly diminishing response to a drug, rendering it less effective) presents in 
individuals on chronic medication, a greater dose of the drug is required to produce the desired 
effect. The increase in the dosage taken can potentially result in an overdose of the drug and lead to 
death of the individual. 
Entomotoxicology 
Deaths arising from the use of drugs can be seen as intentional, accidental or suicidal. In some cases 
where a death has occurred, bodies are not discovered immediately, and may be discovered after a 
period of time whereby the body is extremely decomposed or skeletonized. Extreme decomposition 
makes the determination of post-mortem interval (PMI) (or time since death) difficult [5]. 
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Furthermore, the limited availability of tissues, organs, urine or viable blood in the body due to 
extreme decomposition or skeletonization reduces the chance of successful toxicological analysis 
which may be of aid in the determination of cause of death [6]. 
A possible solution to the lack of viable tissues, organs, urine or blood for forensic toxicological 
analysis, would be the use of entomological specimens for toxicological analyses. 
Entomotoxicology is the application of toxicological analysis on carrion feeding insects to test and 
identify the presence of drugs or poisons that may have been present in the body ante-mortem, as a 
possible cause of death. The potential for entomotoxicology in forensics was first discovered in 
1980 when phenobarbital was discovered in fly larvae present on skeletonized remains, marking its 
potential for implementation in forensics [7, 8]. Forensic entomological studies have previously 
focused on abuse and neglect cases especially in children [9], possible location of death, season, 
possible body movement, suspect identification and sexual molestation in both deceased and non 
deceased individuals [10]. More research has now shifted into the application of forensic 
entomology in PMI estimation [11] and this creates an opportunity for entomotoxicology. 
The effect of different drugs on the entomological determination of post-mortem interval has 
previously been studied by Verma and Paul [12]. This study found that the growth rate of insects is 
affected by the type of drug present in the food source, and that the drugs are detectable in the 
sampled larvae or pupae. The effect of post-mortem drug concentrations present in decedents and 
their effect on insect growth has also previously been investigated in 2011 by Gosselin et al., [13] 
through the use of Methadone-feeding Diptera. Results suggested that an increase in methadone led 
to an increase in the number emerged adults; however retardation in the developmental time of 
these specimens was noted. In another study by Mullany et al., [14] it was discovered that the 
presence of methamphetamine accelerated development of larvae and improved their size compared 
to the controls, however insects remained as pupae for longer. Entomological growth rate is a major 
factor utilised in the determination of PMI [12, 15]. The increase in size and growth rate observed 
in 2014 by Mullany et al., [14], suggest that understanding of the phenomenon of drug 
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concentration and its effect upon PMI estimation using insects is necessary to avoid over-estimation 
of the minimum PMI. With regard to the overestimation and underestimation of PMI, in 1993 Goff 
et al., [15] analysed the effect of Amitriptyline on the development of insects and results showed 
that the presence of the drug altered the PMI by as much as 77 hours. 
The effects of one drug on the development of insects cannot be used as a baseline for all drugs and 
resultant development, as different classes of drugs may affect insects differently. For example, 
some stimulants (for example methamphetamine and cocaine) have been found to be responsible for 
accelerating development of larvae [14, 16, 17] unlike an opioid (for example methadone) which 
reduces the developmental time [13]. Methamphetamine has been associated with weight loss and 
loss of appetite in human individuals [18, 19] and the same effect is anticipated in insects, although 
the pharmacokinetics of the drug in insects is not well understood. 
The sampling of insects for entomotoxicological analysis has been shown to reveal important 
information and is dependent upon the sequence of colonisation of the insects. The sequence of 
colonisation on the decomposing body is mainly dependent upon the current stage of 
decomposition, with insects belonging to either Diptera order such as blow flies and flesh flies 
being the first to arrive at a body post-mortem [20, 21]. Therefore the first insects to arrive are more 
likely to have detectable concentrations of drugs present ante-mortem and should be sampled first, 
as opposed to insects that arrive later in decomposition [22]. Larvae are most often sampled due to 
their ease in being collected and due to their presence in high numbers on a body [23]. In the 
absence of larvae, pupae and empty pupae cases, have also been analysed and had drugs detected in 
them [13]. 
Compared to the toxicological analysis of post-mortem samples, entomotoxicology also has a 
number of advantages including: a greater sensitivity of drug analysis of insect larvae compared to 
putrefied specimens, and more rapid sampling and less emulsification during extractions [24-26]. 
Research has further shown that the detection of drugs in insects is more accurately conducted on 
larvae and pupae, and not on adult flies as drugs do not bioaccumulate in insects [26]. A 
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disadvantage however is the difficulty in determining a trend or relationship between the 
concentration of drug found in insects and the drug concentration found in the body of the deceased. 
Highly variable experimental set up also affects the accuracy of the results, and a lack of 
pharmacokinetics research of drugs, reduces the reliability of the interpretation without further 
research [26, 27], as there is no standard experimental set up in either in vitro or in vivo studies. The 
aforementioned disadvantages show large research gaps present within the field of forensic 
entomotoxicology, indicating the need for more entomotoxicological research to improve 
knowledge as the field has a lot of potential for further research, and more research should result in 
the improvement of forensic science as a whole. 
Entomotoxicology Research 
Most of the research pertaining to the entomotoxicology of drugs is centered around illicit 
substances with little research covering prescription or over the counter (OTC) medication. This 
reveals a large research area that should be analysed to advance the discipline of forensic 
entomotoxicology. Previous studies have mostly involved American and European standards. 
Africa has a different climate and different species of insects compared to those present in these 
regions, and therefore corresponding research in Africa is required so as to develop appropriate 
standards for the insect populations and climate. 
Research Problem Statement 
Amitriptyline is a prescription drug in South Africa used for the management of chronic depression 
and pain. Due to its multiple uses, especially in chronic conditions, there is a higher potential for 
drug dependence and tachyphylaxis to occur, which could result in drug overdoses. In drug-related 
deaths, standard toxicology protocols are available for the analysis of drug concentrations in post-
mortem samples such as blood, urine, tissues and organs. In the absence of these samples, forensic 
entomotoxicology offers an alternative method of analysis. Due to the lack of knowledge of insect 
pharmacokinetics, it is thought that different classes of drugs should be analysed individually. 
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Aim 
The primary aim of the study is to characterise the effect of a suggested human lethal concentration 
dose of Amitriptyline in a spiked food source on the rate of development of Coleoptera and Diptera 
larvae. The secondary aim is to determine a relationship between Amitriptyline concentrations 
present in food sources and the concentration of drug present in larvae feeding on the food source at 
a specific developmental stage. 
Objectives: 
1. Establishment of Coleoptera and Diptera insect colonies for scientific research. 
2. Impregnation of food source with Amitriptyline and rearing of insects on this spiked food 
source. 
3. Determination of effect of Amitriptyline on insect development and calculation of drug 
concentration present in insects at 1st instar, 2nd instar and 3rd instar development stages. 
4. Statistical analysis and determination of mathematical relationship between initial 
Amitriptyline concentrations present in food source and concentrations present in insects. 
Methodology 
Due to the absence of Coleoptera and Diptera culture labs in South Africa, insect colony cultures 
will have to be established prior to analysis on a non-Amitriptyline containing food source. A 
license to work with and procure controlled substances legally will be required from the Department 
of Health, South Africa, to conduct research on Amitriptyline. 
Rearing of larvae on spiked food sources 
The analysis of the effect of Amitriptyline concentrations on the development of Coleoptera and 
Diptera larvae will be performed by a combination of methodologies according to Mullany et al., 
[14] and Gosselin et al., [13] with slight modification. A 20 mg/mL Amitriptyline stock solution 
will be prepared by dissolving 1000 mg of crushed Amitriptyline tablets (from prescription) into 50 
ml deionised water. A mortar and pestle will be used to crush the tablets. Amitriptyline will then be 
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added to five food sources. Four food sources each will be spiked with Amitriptyline 14 mg/mL 
(lethal dose) respectively by diluting the Amitriptyline stock solution and mixing it into the minced 
pig liver. The remaining food source will be used as a negative control (no Amitriptyline). 
Of the blow fly colony eggs, 10 will then be added to each food source and flies grown for not more 
than 5 generations at 25 oC in transparent plastic cages containing vermiculite to dry the 
environment and to encourage pupation, while irradiating daily with white fluorescent light over 12 
hour light and 12 hour dark cycles. 
A known amount of drug has been added to the food source hence drug concentration in the food 
source prior to analyses will not be determined. Fresh pig liver will be added ad libitum to promote 
oviposition in the adults and to decrease competition between the larvae, so as to increase the 
survival likelihood. To control the growth and numbers of the larvae, batches of eggs will be 
removed after every 6 hours and to also aid in competition reduction between the larvae. The 
development time of the larvae will be monitored by measuring the hatching time and time to reach 
next developmental stage during the 12 hour daylight cycle. 
Development studies 
From the developing larvae, five will be randomly sampled from each developmental stage (1st, 
2nd and 3rd instar larvae) for Amitriptyline concentration and development analysis. The larvae 
developing on the different food sources will be weighed and have length measured for comparison 
to the control samples, to observe the effect of Amitriptyline on growth.  
The duration of development between the control and the larvae treated with the Amitriptyline 
spiked diet will be analysed using one way analysis of variance (ANOVA) to determine if there is 
significant difference between growth rates. 
Instrumental analysis 
Sample preparation will be conducted according to modified methodology by Duke [28], High 
Performance Liquid Chromatography tandem mass spectrometry (HPLC-MS/MS) analysis will be 
carried out according to Mullany et al., [14] with modifications. Briefly, the five randomly sampled 
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larvae will have their length and mass measured, followed by freezing to kill the larvae. Upon 
drying, the larvae will be washed using deionised water and homogenised by grinding with a mortar 
and pestle. Cellular debris will be removed via methanol precipitation followed by paper filtration. 
A sample of the food source will also be collected and homogenised using a mortar and pestle and 
prepared for analysis. Cellular debris present on the food source will be removed by methanol 
precipitation followed by centrifugation and filtration to remove any pupae cases that might be 
present. 
Analysis of Amitriptyline present in the larvae will then be determined using HPLC/MS to 
determine the ratio of the drugs concentration present in the insects, compared to that present in the 
food source. To allow for the identification of Amitriptyline present in the insects, standards of 
Amitriptyline and its metabolite nortriptyline will be purchased and prepared at a range of 
concentrations of 0-16 mg/mL for analysis using HPLC-MS/MS (AB SCIEX API 3200 Q-TRAP® 
HPLC/MS), and AB SCIEX MasterViewTM software analysis performed to analyse the results. 
Solvents to be used for analysis will include acetonitrile, water and ethylamine. ANOVA analysis 
will then be used to determine whether there is any significant difference in concentration of 
Amitriptyline between the initial concentration, in food sources and developmental stage of the 
larvae. 
The concentrations will then be compared to determine whether a mathematical relationship exists 
between the Amitriptyline concentration present in the food source and the Amitriptyline 
concentrations present in the larvae. 
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PROPOSAL ADJUSTMENTS 
 
 
 
From the time the research proposal was written the following methodology has been amended: 
 
 
• A 14 mg/ml concentration of Amitriptyline could not be added to the food substrate due to 
pharmacy restrictions on the amount of Amitriptyline that could be obtained an individual. 
A 1 mg/ml (1000 mg/Kg) concentration was used instead. 
• As opposed to adding Amitriptyline to four containers and having one control, Three 
containers and three controls were used to check for any experimental variation as living 
studies involving living organisms have been deemed to be unpredictable. 
• It was not possible to induce oviposition in adult flies or obtain pure larvae colonies, hence 
300 blow fly eggs were collected from the fynbos biome and deemed a possible substitute 
that would still allow for sufficient sampling. 
• Methanol was not used to extract Amitriptyline. Chlorobutane was preferred due to ease of 
evaporating before reconstitution for HPLC analysis. 
• It was not possible to purchase nortriptyline standards; therefore comparison of 
Amitriptyline to nortriptyline was not conducted. 
• Due to the lack of quantitative methodology to determine Amitriptyline concentrations, the 
research shifted to take a qualitative approach and concentrations could not be compared.  
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Introduction 
Major depressive disorders are identified as a mood disorder characterised as having more than two 
weeks of depression and a reduction in interest in pleasurable activities along with a loss in appetite, 
weight, sleep, energy and an increase in guilt. Diminished concentration and thoughts of death and 
suicide are also a symptom of depression [1, 2]. Depression has a lifetime prevalence of 15% in the 
population and in affected individuals, approximately 25% of cases of depression become chronic 
[2]. The World Health Organisation (WHO) states that approximately 121 million individuals 
worldwide live with depression [3], and with depression in communities on the rise research 
suggests that by the year 2020 depression could become the second most common disease 
worldwide after cardiovascular disease [4]. 
There is no definite cause of depression in individuals, however it is believed that depression occurs 
as a result of changes in the neural activity of areas of the brain responsible for the control of mood 
and stress, along with the limbic structures such as the amygdala, hippocampus and nucleus 
accumbens [2]. The interference of the limbic connection to the prefrontal cortex, affects neuronal 
activity feedback that regulates limbic activity. The negative emotions experienced by depressed 
individuals is processed in the amygdala, which is over-active in depressed individuals [2]. 
Amitriptyline 
Amitriptyline is a tricyclic antidepressant (TCA) that also produces anti-nociceptive (pain stimulus 
inhibition) effects [5, 6]. TCAs consist of a tricyclic ring structure with the central ring consisting of 
an alkyl amine substituent (Figure 1). Amitriptyline is used to treat major depressive disorders in 
individuals [1, 7]. In depressed individuals the drug is associated with an improvement in the mood 
and wellbeing of patients, whereas in non-depressed individuals Amitriptyline causes a sedative 
effect and does not affect mood or mental wellbeing [8, 9]. The sedative effect prompts the use of 
Amitriptyline before bedtime, to help patients sleep better. The tertiary amine group present in 
Amitriptyline makes it a more potent antidepressant than nortriptyline which is a secondary amine 
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(Figure 1) [8, 9]. The type of amine group determines the selectivity of the pharmacologic action in 
TCAs. 
 
Figure 1: Chemical structure of Amitriptyline and its primary metabolite nortriptyline 
Adapted from Sweetman, S. C., Martindal: The Complete Drug Reference, 36th Edition, 2009, Pharmaceutical Press, London [10]. 
 
Other than in the treatment of depression Amitriptyline can be used in the management of anxiety 
disorders, chronic pain, migraines and conditions such as shingles. Shingles is a painful vesicular 
rash that results from the reactivation of the varicella-zoster virus that causes chicken pox [1]. 
When comparing the reaction of individuals to an applied pain stimulus, pain threshold has been 
proven to not differ greatly physiologically, but to be greatly dependent on the psychological state 
of the individual [6, 11]. In the management of nociceptive injuries the combination of psychotropic 
drugs together with analgesics has been associated with a reduction in drug dependence, and an 
increase in pain threshold. This is of most importance especially in the treatment of chronic pain 
where, Amitriptyline maybe a choice of drug for pain where the psychotropic effect and analgesic 
effect reduce drug dependency [11].  
Mechanism of action of Amitriptyline 
In individuals more susceptible to depression the remodelling and elimination of hippocampal 
circuits responsible for controlling mood, cognition and behaviour is initiated by stress. This is as a 
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result of the production of the stress hormone cortisol and the stress peptide corticotropin-releasing 
hormone (CRH) [2].  
In the treatment of depression the various TCA dosage forms contain numerous properties 
including; serotonin re-uptake inhibition activity, norepinephrine re-uptake inhibition activity, 
anticholinergic-antimuscarinic activity, an alpha1-adrenergic antagonist activity and antihistamine 
activity [12, 13]. 
When an oral dose of Amitriptyline is administered, the drug is readily absorbed from the 
gastrointestinal tract with peak plasma concentrations occurring within 6 hours of administration 
[10]. Upon absorption, Amitriptyline is metabolised by the P450 enzyme isoforms CYP1A2, 
CYP3A4, CYP2C9, CYP2C19 and CYP2D6 in the liver and demethylated to form its active 
primary metabolite nortriptyline [10, 14-16] (Figure 1). After metabolism Amitriptyline achieves 
most of its therapeutic action via the inhibition of the re-uptake of serotonin and the inhibition of 
norepinephrine. Amitriptyline also has an effect on histamine, muscarinic and alpha1-adrenergic 
receptors, and these interactions have been associated with adverse effects [9, 12]. nortriptyline 
inhibits the re-uptake of norepinephrine to a greater extent compared to the re-uptake of serotonin, 
while Amitriptyline favours the reverse. 
After absorption and metabolism, Amitriptyline and nortriptyline are distributed throughout the 
body where they have an elimination half-life of 9-25 hours, and are subsequently eliminated 
through the urine as free or conjugated molecules [10]. Other literature states that the half-life of 
Amitriptyline ranges from 18 to 70 hours [9]. While still present in the body, Amitriptyline and 
nortriptyline are found to be comprehensively bound to plasma and tissue proteins [10]. 
The British National Formulary has regarded Amitriptyline to be extremely dangerous during 
overdose [17-19], with the antimuscarinic and cardiotoxic effects of Amitriptyline limiting the use 
of Amitriptyline in patients. Cardiotoxic properties of Amitriptyline increase the risk of fatalities in 
patients taking overdoses of the medication [9, 10] and as a result the Department of Health in 
South Africa has marked this drug as being capable of causing fatalities during overdoses [1, 7]. 
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During an overdose of Amitriptyline, cardiac arrhythmias and seizures occur due to inhibition of 
sodium channels [12]. Fatalities resulting from ingestion of Amitriptyline can be as a result of 
taking a high dose of the drug, or could be as a result of additive toxicity that can result from the co-
administration of other drugs, and/or the altered metabolism of one drug to another or the 
conversion of Amitriptyline to nortriptyline. Drugs that hinder or incite the action of the P450 
enzyme isoform CYP2D6 have an effect on plasma concentrations that could possible lead to severe 
drug toxicity [9, 10]. Central nervous system (CNS) depressants such as alcohol increase the 
metabolism and elimination of Amitriptyline therefore reducing efficacy, whereas antipsychotic 
drugs and calcium channel blockers reduce the metabolism and elimination of Amitriptyline leading 
to greater plasma concentrations and increase the likelihood of toxicity [10]. Apart from the 
ingestion of other drugs, the age of an individual and the effect on P450 microsomes affects the 
plasma drug concentration. In the elderly there is a reduction in first pass metabolism of 
Amitriptyline [16]. 
When tachyphylaxis (rapidly diminishing response to a drug, rendering it less effective) presents in 
individuals on chronic medication for either pain and/or depression, a greater dose of the drug is 
required to produce the desired effect. The increase in the dosage taken can potentially result in an 
accidental overdose of the drug and lead to death of the individual [1]. The overdose can also be 
intentional. Compared to other antidepressants such as selective serotonin re-uptake inhibitors 
(SSRI), TCAs have been shown to be associated with more fatalities during toxicity [20]. SSRIs 
were introduced as an alternative to the use of Amitriptyline due to their higher overall tolerability 
[21, 22]. However Amitriptyline is believed to have a higher efficiency especially in extremely ill 
individuals but the high potency has the potential to lead to mania in individuals [21, 22]. In a study 
in Australia involving drug related deaths in rehabilitated prisoners; illicit substances such as 
opioids, benzodiazepines, alcohol, cannabis and methamphetamine were found in the majority of 
cases. Toxicology results showing the presence of TCA’s were only recorded in approximately 17% 
of deaths studied [23]. 
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Depression and suicide 
Prolonged use of antidepressants has been associated with suicidal thoughts as a side effect.   The 
prevalence of suicide varies throughout the world, however WHO suggests a global prevalence of 
14/100 000 population [24]. Approximately 10-25 individuals depending on the city, in every 100 
000 in South Africa commit suicide [25-28]. Based on the current trend it is believed that by the 
year 2020, 1.53 million people will die as a result of suicide, with suicide being attempted 10-20 
times more worldwide [29]. Previous research performed has already shown that the deaths with 
regard to intentional or accidental anti-depressant use have been gradually increasing over the past 
10 years [30]. With antidepressants such as Amitriptyline common and inexpensive, this opens up 
the possibility of suicide being carried out by means of a drug overdose. Of the TCAs Amitriptyline 
is one of the most commonly prescribed. In Germany Amitriptyline is the third most prescribed 
antidepressants after Citalopram and Mirtazapine [31]. Compared to newer and safer 
antidepressants, Amitriptyline is commonly involved in suicide and suicide attempts in countries 
worldwide, and is the most commonly prescribed antidepressant that results in death [17, 20, 32]. A 
study conducted in Turkey data indicated that 59.7% of patients coming into the hospital as a result 
of a suicide attempt were currently taking Amitriptyline [33]. 
These results indicate the need for post-mortem toxicological analysis to be performed on bodies to 
detect the presence of xenobiotics. Where traditional toxicological specimens such as body tissues 
are not available, other technology in obtaining toxicological data is necessary and should be 
researched to obtain as much post-mortem information on bodies as possible. 
Blow flies and Forensic Entomology 
Blow flies are flies belonging to the family Calliphoridae and reproduce through the action of 
laying eggs on meat and carcasses. After the death of an individual or animal, blow flies are 
attracted to the decaying remains via the production of two gases, putrescine and cadaverine that are 
produced during decomposition [34]. During growth and development blow flies have four distinct 
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stages of development namely; egg, larvae (maggot), pupae and adult [34]. The larval stages are 
further divided into three developmental stages (instar’s), which are first, second and third instar 
respectively. The different stages of larvae are determined by the number of spiracle slits present on 
the maggot body (Figure 2). First instar, second instar and third instar larvae contain, one, two and 
three spiracle slits each respectively all enclosed within a peritreme ring (Figure 2). 
 
Figure 2: Spiracle slits associated with larval developmental stages first instar, second instar 
and third instar. 
Adapted from Bertino, A.J. Forensic Science: Fundamentals and Investigations 1st Edition, ed. J.W. Calhoun and K. Schmohe. 2008, 
United Kingdom: South-Western Cengage Learning [34]. 
The pupae stage serves as a transition to adulthood where the maggots move away from the body 
and cease feeding [34]. The maggots then form a puparium around their skins, which is hard and 
dark in texture, and from inside the pupae they develop into adults. The size of the maggot is 
directly proportional to growth stage, whereby the older maggots are generally larger in size 
compared to the younger ones [34]. The availability of food and the presence of substances in food 
also affects the size of the maggots and their developmental time. 
In Africa, Chrysomya chloropyga and Chrysomya putoria are widespread [35, 36] and are both 
regarded to have application in medical, veterinary and forensic science [37, 38]. Chrysomya 
chloropyga is metallic greenish-bluish in colour with the most posterior part of the abdomen a 
green-yellow colour. This blow fly species is a first wave invader during the decomposition of 
bodies. Chrysomya albiceps is also a first wave invader but is very vulnerable to parasites and 
predators in the pupal stage. This blow fly species mainly occurs during colder months, and species 
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numbers are generally limited during summer [39]. The larvae of C. chloropyga, and C. putoria are 
conical in shape and white and/or cream in colour through all instars. C. chloropyga and C. putoria 
consist of an incomplete peritreme ring located on the posterior (which looks like a pair of eyes but 
are structures used for respiration). 
Another common blow fly species in South Africa is Lucilia sericata which can be found in most 
areas of the world, especially the coastal areas. L. sericata has found uses in wound debridement 
and in forensic science [40, 41]. This blow fly species prefers warm moist climates [42, 43]. 
Although L. sericata is a member of Diptera, Calliphoridae it has been reported to be a second wave 
invader during deposition, however with regard to gutted animals it has been reported as a first 
wave invader [42]. The eggs of Lucilia sericata are white in colour and are normally laid in large 
masses or batches so as to avoid the desiccation of the eggs. The larvae of L. sericata are canonical 
in shape and white and/or cream in colour through all instars and contain a complete peritreme ring 
[44]. 
For use in forensic science, the blow fly life cycles are of interest because their life cycles have an 
effect on the determination of post mortem interval (PMI)(time since oviposition on bodies after 
death) as the developmental stage of the insect is used in its determination. Two main methods exist 
for the use of blow fly maggots in PMI estimation. One method involves observing the sequence of 
colonisation of blow flies and predicting the time since death [45, 46]. For example third wave 
invaders will only invade the body after a specific time since death has elapsed. The second method 
involves observation of the oldest maggot on the body and monitoring its growth. During PMI 
investigation, the age and developmental behaviour of the insect is firstly observed and the used in a 
reverse calculation to the likely time of oviposition on the body [47]. 
In the determination of PMI environmental conditions such as temperature and humidity have an 
effect on growth and have to be taken into account [47-49], as they all affect developmental time. 
Temperature governs the metabolic activity of maggots, which are cold blooded. The temperature is 
directly proportional to metabolic activity and the growth, and ultimately the size of the maggots 
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[50]. Knowing this relationship it is possible to adjust for the time of death by comparing the 
surrounding temperature to the growth stage of the maggots to more accurately determine the time 
of colonisation of the body by adult blow flies [51]. It should however be noted that the maggot 
internal temperature is also affected by metabolic activity. The metabolic activity and aggregation 
of maggots has been reported to be able to raise the internal temperatures by as much as 15-35 oC 
[52].  
Although research stipulates that insects colonise bodies after a specific intervals of time, constant 
research in the field is necessary as nature will not always behave as expected as observed in L. 
sericata that has adapted to being a first wave invader on carrion. Different analyses of blow fly 
colonisation data is necessary for various climate regions to observe as to whether for example, 
second wave invading blow flies do not invade with first wave blow fly. The implication of this 
could affect post-mortem interval determination, and lead to a potential over estimation of the time 
since death. 
Forensic entomology also finds use in the geographical mapping of crimes [34, 53, 54]. In such 
cases the taxonomic identification of maggots is important. Different species of maggots grow at 
different rates, seasons, geographical areas and different environmental conditions [34]. The 
identification can be performed using either DNA techniques or biological comparison charts 
through the identification of specific features present on the maggot bodies. For example at a crime 
scene if insects belonging to a specific geographical area are discovered on a body or piece of 
evidence, geographical mapping of the insects could be used to determine where the original crime 
took place and give extra information as to whether the body was moved or not. To improve the 
geographical mapping of crimes it is necessary to obtain information as to the regions where the 
blow flies are localised. The mapping of blow fly region localisation, and data collection is 
complicated however, as blow fly species can always spread, for example, in the case of the 
forensically important L. sericata, that originated in Europe and was introduced to other countries 
such as South Africa. The limitations in this would be that mapping of the blow fly to a specific 
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geographic regions may yield erroneous results as the flies could still be spreading the limits of its 
distribution [55]. 
Entomotoxicology 
Deaths arising from the use of drugs can be seen as homicidal, accidental or suicidal. In some cases 
where a death has occurred, bodies are not discovered immediately, and may be discovered after a 
period of time whereby the body is extremely decomposed or skeletonized. Extreme decomposition 
makes the determination of PMI difficult [56]. Furthermore, the limited availability of tissues, 
organs, urine or viable blood in the body due to extreme decomposition or skeletonization reduces 
the chance of successful toxicological analysis which may be of aid in the determination of cause of 
death [34]. 
A possible solution to the lack of viable tissues, organs, urine or blood for forensic toxicological 
analysis, would be the use of entomological specimens for toxicological analyses. 
Entomotoxicology is the application of toxicological analysis on carrion feeding insects to test and 
identify the presence of drugs or poisons that may have been present in the body ante-mortem.  
The potential for entomotoxicology in forensics was first discovered in 1980 when phenobarbital 
was discovered in fly larvae present on skeletonized remains, marking its potential for 
implementation in forensics [57, 58]. Forensic entomological studies have previously focused on 
abuse and neglect cases especially in children, possible location of death, season, a possible body 
movement, suspect identification and sexual molestation in both deceased and non-deceased 
individuals [59, 60]. More research has now shifted into the application of forensic entomology in 
PMI estimation [61]. The effect of drugs (both medicinal and illicit) on growth rate and metabolism 
or carrion feeding insects is not fully understood. This may play a role in PMI estimation and this 
creates an opportunity for entomotoxicology. 
The presence of xenobiotics on bodies has the potential to affect the size, feeding and the growth 
rate of blow fly maggots. The effect of different drugs on the entomological determination of post-
 22 
mortem interval has been previously studied by Verma and Paul [62]. This study found that the 
growth rate of insects is affected by the type of drug present in the food source and that the drugs 
are detectable in the sampled larvae or pupae. The effect of post-mortem drug concentrations 
present in decedents and their effect on insect growth has also previously been investigated in 2011 
by Gosselin et al., [63] through the use of Methadone-feeding Diptera. Results suggested that an 
increase in methadone led to an increase in the number emerged adults; however retardation in the 
developmental time of these specimens was noted. In another study by Mullany et al., [64] it was 
discovered that the presence of methamphetamine accelerated development of larvae and improved 
their size compared to the controls, however insects remained as pupae for longer. Entomological 
growth rate is a major factor utilised in the determination of PMI [62, 65]. The increase in size and 
growth rate observed in 2014 by Mullany et al., [64], suggest that understanding of the 
phenomenon of drug concentration and its effect upon PMI is important. Therefore the appropriate 
corrections are required for insects feeding on tissue with may contain drugs or drug metabolites. 
With regard to the overestimation and underestimation of PMI, in 1993 Goff et al., [65] analysed 
the effect of Amitriptyline on the development of insects and results showed that the presence of the 
drug altered the PMI by as much as 77 hours. 
The effects of one drug on the development of insects cannot be used as a baseline for all drugs and 
resultant development, as different classes of drugs may affect insects differently [66]. When blow 
flies are exposed to a drug, different drugs have been associated with different effects in maggots 
such as size increases or decreases. In some cases these effects are accompanied by a high mortality 
in the maggots [64, 67, 68]. 
An interesting finding in studied literature relating to the effect of drugs on development is that 
growth may be affected at different stages during development. For example although cocaine and 
methamphetamine are both associated in increases in the growth rates of blow fly maggots it has 
been demonstrated that cocaine is associated with an increase in larval development rate whereas 
methamphetamine is associated with an increase in pupal developmental rate [62]. Another effect, 
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which drugs may have is associated with delaying oviposition on bodies. Toxins like Malathion 
have been shown to delay oviposition on bodies by up to three days [69]. 
With regard to the sequence of colonisation it is expected that the first insects to arrive are more 
likely to have detectable concentrations of drugs present ante-mortem and should be sampled first, 
as opposed to insects that arrive later in decomposition [70]. Larvae are most often sampled due to 
their ease in being collected and due to their presence in high numbers on a body [71]. In the 
absence of larvae, pupae and empty pupae cases, have also been analysed and had drugs detected in 
them [63]. However drugs are not always detectable in pupae [72] which suggests that for more 
accurate detection and determination blow fly larvae are more ideal to use [73]. 
Compared to the toxicological analysis of post-mortem samples, entomotoxicology also has a 
number of advantages including: a greater sensitivity of drug analysis of insect larvae compared to 
putrefied specimens, and more rapid sampling and less emulsification during extractions [74-76]. 
Research has further shown that the detection of drugs in insects is more accurately conducted on 
larvae and pupae, and not on adult flies as drugs do not bioaccumulate in insects [76, 77], therefore 
drugs are more likely to be detected in first instar larvae as opposed to third instar larvae, pupae or 
adult flies [77]. With this in mind, previously conducted research has suggested that the first 
colonising insects during decomposition are more likely to have detectable drug concentrations 
present. 
Disadvantages however include: difficulties in determining a trend or relationship between the 
concentration of drug found in insects and the drug concentration found in the body of the deceased. 
Also highly variable experimental set up affects the accuracy of the results, as well as 
reproducibility and a lack of pharmacokinetics research of drugs, reduces the reliability of the 
interpretation without further research [76, 78, 79], as there is no definite standardised experimental 
set up for either in vitro or in vivo studies. Upon analysing previous research it is notable that some 
studies have reported a direct correlation between food source or substrate and larvae in quantitative 
analyses [75, 80]. However other studies have reported that a correlation does not exist [81, 82]. 
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The aforementioned disadvantages show large research gaps present within the field of forensic 
entomotoxicology, indicating the need for more entomotoxicological research to improve 
knowledge as the field has a lot of potential for further research, and more research should result in 
the improvement of forensic science as a whole. 
Rearing of blow flies 
In the wilderness blow flies obtain protein as a nutrient from decaying animal bodies but it has been 
suggested that they use nectar and honeydew as a carbohydrate source [83]. Some research involves 
the creation of synthetic media rich in nutrients such as proteins for the growth of blow flies. For 
use in toxicological analysis on the effect of xenobiotics in blow flies, the drug is administered to 
the blow fly larvae in either one of two methods. One method involves the mixing of the drug into 
the food source such as kangaroo mince, pig liver or cow heart and placing the blow fly eggs on the 
substrate to feed [64, 72]. The other method involves injection of the drug into an animal such as a 
rabbit, mouse or pig and the using organs from the autopsied animal to rear the blow fly larvae on 
[68]. Although both methodologies have had success in the detection of drugs in blow flies, the use 
of live specimens has been noted to be better for forensic entomotoxicology analyses. 
A draw back to performing studies on live animals is large variability of a drug and its metabolites. 
The final concentration of the drug and its metabolites may not be known and the metabolism of 
many drugs in animal models may not be fully understood. For example, in animals 
methamphetamine could either produce; p-hydroxynorephedrine and p-hydroxymethamphetamine 
(rats), norephedrine and benzoic acid conjugates (guinea pigs), and amphetamine (rabbits) as 
metabolites [84, 85]. However in humans p-hydroxymethamphetamine is the main metabolite.  
Literature with regard to the feeding times of larvae are contradictory, some literature suggests that 
the larvae of blow flies prefer to feed at night in the darkness, while other research suggests that 
blow flies are heliotropic and remain inactive at night [86, 87]. Other research suggests that neither 
circadian rhythms nor light affect feeding of the larvae [88]. L. sericata has been shown to oviposit 
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during nocturnal conditions when the temperature is cool compared to other Diptera members 
which rarely oviposit under nocturnal conditions [53, 86]. When L. sericata oviposit eggs between 
21 oC to 27 oC ambient temperature, the eggs normally take approximately 18 to 21 hours to hatch 
[89]. During the growth of maggots, conditions can either be favourable for growth or inhibit 
growth. 
Research investigations as to the effect of environmental stress conditions or resource limitations 
have been conducted to observe their effect on the development in organisms that undergo a 
complete metamorphism [50]. It is believed that under stressful conditions, organisms can employ 
one of two strategies to ensure survival. The first strategy involves an increase in developmental 
rate to adulthood (ensuring survival), as opposed to delaying maturation that which normally results 
in larger and more fit adult organisms [90]. A limitation to the first strategy is, however, that in 
some studies larger adult organisms have been observed and correlated to an increase in the 
developmental rate [91]. 
The second strategy involves organisms remaining dormant for long periods of time until such 
adverse conditions in the environment improve [92-94]. Blow flies such as L. sericata that depend 
on ephemeral food supplies such as biological waste and carrion for development, have evolved 
phenotypic plasticity (changes in the phenotype as a result of the environment) to balance the 
relationship between developmental time and blow fly average size [91]. The implications of this 
are that, the size and developmental duration can be controlled by changing laboratory conditions 
such as food source, moisture and temperature [49, 95]. 
Chrysomya albiceps has been recorded to having predatory habits against other maggot species 
feeding on carrion, when developing under adverse conditions. This allows them to reduce the 
competition for resources ultimately increasing the probability of survival [39]. The implications of 
this is that where C. albiceps is present on a body at a crime scene, their predatory behaviour can 
ultimately affect the presence of other blow fly species present at the crime scene and as a result 
affect PMI estimations. 
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It should however be noted that although the rate of development may be affected by temperature 
different blow fly species from different areas and regions behave differently. For example in 2011 
Tarone et al., [50] analysed the effect of temperature on the developmental rates of different blow 
fly species obtained from different regions in the United States of America namely, California 
(CA), Michigan (MI) and West Virginia (WV). CA had the shortest developmental time at 20 oC 
followed by MI and WV. This data however, contrasted at 33.5 oC where CA had the longest 
developmental time followed by WV and MI. These results suggest that a generalised 
developmental pattern for blow fly species cannot be calibrated and that blow fly tests and analyses 
with respect to PMI estimation need to be standardised to the appropriate flies of interest under 
specific conditions [50]. However to perform this, a blow fly general population analysis has to be 
performed to identify the forensically important blow fly species in the community. With respect to 
forensic science this adds a limitation in that every geographic region where forensic entomology is 
performed will be required to have a database of the growth standards at varying conditions for the 
blow fly species relevant to that area. Currently blow flies can only be used to measure the 
minimum time since death, however with improved research methodology blow flies could find use 
in the future with predicting maximum time since death [50]. This presents a research gap that 
needs to be studied to improve the accuracy of forensic entomology applications with regard to 
crimes. 
Blow fly larvae sample preparation and toxicological analysis 
When sampling for maggots, the selected maggots are collected and then boiled in water for 15 
seconds, followed by storage in 80% ethanol. The boiling of larvae prior to adding to ethanol 
reduces the likely hood that the maggots would shrink during storage thus reducing the chance that 
the maggots have their age mistaken [96]. However, for the purposes of toxicological analyses blow 
fly larvae are usually killed via freezing at -20 oC [72, 82]. Preservation in ethanol is not common as 
some drugs such as Amitriptyline are soluble in alcohols. Therefore in order to reduce the chance of 
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a premature drug extraction occurring, alcohols or organic solvents are only added when drug 
extraction is to be performed. 
The sampled maggots are often homogenised using mechanical grinding. In the studied literature 
there has been no evidence of chemical methods being employed to homogenise blow fly larvae. 
The only chemicals employed during the sample preparation include addition of bases or buffers to 
control and raise the pH of the homogenate to facilitate drug extraction into organic solvents [96]. 
With blow flies containing a chitin exoskeleton, addition of bases such as sodium hydroxide can 
serve to hydrolyse the chitin releasing any drug that might be bound to it, as well as releasing the 
drugs that may be bound to the proteins in maggots [10]. 
It is possible to check for the presence of Amitriptyline using spectrophotometry, capillary 
electrophoresis and chromatography. Spectrophotometric analysis of Amitriptyline is usually 
carried out when analysing pharmaceutical preparations where Amitriptyline reacts with methyl 
orange and bromocesol green to form 1,2 dichoroethane which is yellow coloured and absorbs light 
at 410 and 420 nm [97]. Capillary electrophoresis and chromatographic techniques such as high 
performance liquid chromatography (HPLC) are normally conducted on biological specimens [98]. 
HPLC and spectroscopy have been compared and shown to both have high accuracy and precision 
[99]. However due to the costs involved with conducting HLPC analysis and the expensive nature 
of the equipment, some laboratories do not have HPLC equipment and as a result cannot perform 
HPLC analysis. This indicates the need to investigate cheaper alternatives to conduct toxicological 
analysis. 
Concluding remarks on Entomotoxicology Research 
The difference with respect to the growth stage of the blow fly larvae or pupae and the observation 
of drug effects, indicates a need for the thorough analysis and research of each and every drug prior 
to PMI estimation and drug detection. Furthermore, different effects of drugs on blow fly behaviour 
elucidates potential limitations of the implementation of forensic entomotoxicology, in that 
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scientific analysis involving live specimens shows high variability and could usher in some 
unexpected behaviour all affecting post mortem interval and the interpretation of the results of the 
presence of drugs in toxicological analysis. It is therefore necessary to control as many variables as 
possible during experimentation. 
Most of the research pertaining to the toxicology of drugs is centred around illicit substances with 
little research covering prescription or over the counter (OTC) medication. Over the counter 
medication may have an effect on the development of larvae and such medication has also been 
known to be abused. This reveals a large research area that should be analysed to advance the 
discipline of forensic entomotoxicology. 
Previous studies have mostly involved American and European standards. For forensic 
investigations, a population analysis of the presence of these blow fly species and the regions where 
they occur is necessary. South Africa has a different climate and different species of blow flies 
compared to America and Europe, and therefore corresponding research in South Africa is required 
so as to develop appropriate standards for the insect populations and climate. 
Research Problem Statement 
Amitriptyline is a prescription drug in South Africa used for the management of chronic depression 
and pain. Due to its multiple uses and inexpensive nature there is a higher potential for drug 
dependence and tachyphylaxis to occur, which could result in drug overdoses. In drug-related 
deaths, standard toxicology protocols are available for the analysis of drug concentrations in post-
mortem samples such as blood, urine, tissues and organs. In the absence of these samples, forensic 
entomotoxicology offers an alternative method of analysis. Due to the lack of knowledge of insect 
pharmacokinetics, it is thought that different classes of drugs should be analysed individually. 
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Abstract 
Entomotoxicology offers a supplementary method to analyse for the presence of drugs post-mortem, especially in cases 
where viable toxicological specimens such as human tissue cannot be obtained. In South Africa and globally, 
standardised methodology is required to perform entomological examinations accurately so as to improve the 
reproducibility and accuracy of results. The aim of the current study was to analyse the effect of Amitriptyline on the 
developmental growth rate of forensically important blow flies, and to investigate the potential for blow fly larvae 
(present in the Western Cape South Africa) in forensic entomotoxicological implementation. To achieve this blow fly 
species C. chloropyga and L. sericata were reared on homogenised pig lever containing 1000 mg/kg Amitriptyline until 
emergence of imago. The presence of drugs in larvae was investigated using high-pressure liquid chromatography 
coupled with dual mass spectrometry (HPLC/MS-MS). Amitriptyline was detected in all experimental larvae samples 
and was found to delay pupation by at least 26 hours and imago emergence by at least 72 hours. There was no distinct 
effect observed for the effect of Amitriptyline on C. chloropyga however Amitriptyline was associated with a smaller 
length and mass in L. sericata. Results indicate the potential for qualitative analysis for the presence of Amitriptyline in 
entomotoxicology. 
Keywords: 
Chrysomya chloropyga; Lucilia sericata; Entomotoxicology; Amitriptyline; Post-mortem interval; Tricyclic 
antidepressants. 
1. Introduction 
Deaths arising from the use of drugs can be seen as homicidal, accidental or suicidal. In some cases where a death has 
occurred, bodies are not discovered immediately, and may be discovered after a period of time whereby the body may 
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be decomposed or skeletonized. Extreme decomposition may make the estimation of post-mortem interval (PMI) 
difficult [1]. The deterioration of the body may result in the limited availability of tissues, urine or viable blood for 
toxicological analysis which may hinder the determination of cause of death in forensic investigations [2]. 
A possible solution to the lack of viable tissue, urine or blood for forensic toxicological analysis, may be the use of 
entomological specimens for toxicological analyses. Entomotoxicology is the application of traditional toxicological 
analysis on carrion feeding insects to test and identify the presence of drugs or poisons that may have been present in 
the body ante-mortem, as a possible cause of or contributing factor to death. When feeding, these insects ingest the drug 
containing tissues and thus allow for an alternative sample of analysis for drug detection. 
Compared to the toxicological analysis of decomposed post-mortem samples, entomotoxicology has a number of 
advantages including: a greater sensitivity of drug analysis of insect larvae compared to putrefied specimens, and more 
rapid sampling and less emulsification during extractions [3-5]. Previous research has demonstrated that the detection of 
drugs in insects is more accurately conducted on larvae and pupae, than on adult flies [5, 6]. Disadvantages however 
include: difficulties in determining a trend or relationship between the concentration of drug found in insects and the 
drug concentration found in the body of the deceased [7-10], highly variable experimental set up affects the accuracy, as 
well as reproducibility of the results and a lack of pharmacokinetics research of drugs reduces the reliability of the 
interpretation without further research [5, 10-13], as there is no definite standardised experimental set up in either in 
vitro or in vivo studies. 
Major depressive disorders are identified as the lack of interest in pleasurable activities, as well as increased thoughts of 
death and suicide [14, 15]. Depression has a lifetime prevalence of 15%, and the condition may become chronic in 25% 
of patients [15]. Amitriptyline is a tricyclic antidepressant (TCA) containing anti-nociceptive properties [16, 17] and is 
commonly used in the management of depression. Prolonged use of antidepressants has been associated with suicidal 
thoughts as a side effect. Approximately 10-25 in every 100 000 in South Africa commit suicide [18-21]. With the ever 
increasing suicide rates annually it is believed that by the year 2020, 1.53 million people will die as a result of suicide, 
with 10-20 times more suicides being attempted worldwide [22]. 
Most of the research pertaining to the entomotoxicology of drugs is centred on illicit substances with little research 
covering prescription or over the counter (OTC) medication. This reveals a large research area that should be analysed 
to advance the discipline of forensic entomotoxicology. Previous studies have also mostly involved American and 
European climates. South Africa has a different climate and blow fly species populations therefore corresponding 
research in South Africa is necessary to develop appropriate South African standard for forensic entomotoxicology. 
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The aim of the current study was to analyse the effect of Amitriptyline on the developmental growth rate of forensically 
important blow flies in the Western Cape region of South Africa, and to investigate the potential of these blow fly 
larvae for  the implementation of entomotoxicological analysis in forensic investigations. 
2. Methodology 
2.1. Reagents 
Amitriptyline hydrochloride tablets 50 mg were obtained from a local pharmacy. Amitriptyline reference standards 
1mg/ml were provided by the Department of Pharmacology, University of Cape Town situated at Groote Schuur, Cape 
Town. Winelands Pork, Cape Town, donated pig offal used to cultivate eggs and pig livers used as food substrate for 
larvae. 
All chemicals used were of the highest analytical grade. Ethanol, sodium hydroxide and chlorobutane were purchased 
from Merck PTY Ltd (Johannesburg, South Africa). Sodium chloride was obtained from Kimix Chemicals (Cape 
Town, South Africa). 
2.2. Rearing of larvae for Amitriptyline analysis 
Rearing of larvae was performed according to methodology of Kharbouche et al., [6] with modification. Diptera eggs 
used in this study were obtained by placing pig offal in the fynbos biome at the Medical Research Centre (M.R.C) Delft 
Cape Town. Blow fly eggs to be used for analysis were collected and allocated into batches depending on the location 
of the egg mass on the offal. 
Approximately 300 Diptera eggs specific to location on the offal were added to homogenised pig liver (200 g). A 
mixture of 300 Diptera eggs from different egg batches was also added to homogenised pig liver. Each liver 
homogenate sample was previously spiked with 15 ml of 0.9% sodium chloride solution containing 1000 mg/kg (lethal 
dose) of Amitriptyline hydrochloride mixed in a blender for 5 minutes at room temperature. 
Negative controls containing 0 mg/kg Amitriptyline on 200 g homogenised pig liver were also used. 
Larval rearing samples were first placed onto a sheet of aluminium foil paper (11 x 8 cm), then inside plastic containers 
(22 x 16 x 8 cm) containing vermiculite (3 cm height in container) to absorb excessive moisture in the container. 
Containers were covered with a lace stocking to prevent larval escape and subsequently sealed. 
During the study, the containers were maintained in an incubator at 30 ± 0.5 oC and ambient humidity. Larvae were 
reared under the irradiance of incandescent lighting, consisting of light/dark cycling of 14/10 hours. Light cycling was 
related to the current seasonal day/night durations. 
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2.3. Sampling of larvae 
The effect of Amitriptyline concentration on the development of Diptera larvae and sampling was performed according 
to methodology by Mullany et al., [23] and Gosselin et al., [24] with slight modification. Briefly, during larval growth 
fresh pig liver was added ad libitum to decrease competition between larvae. 
To control the growth and numbers of the larvae as well as to reduce competition, batches of 20 maggots each were 
sampled from each container every 6 hours up to 18 hours, then every 12 hours up to 78 hours, then every 24 hours up-
to the appearance of pupae and stored in plastic bottles. Pre-pupae were defined as non-feeding inactive stage between 
the larval growth stage and the pupal growth stage. 
The sampled larvae were washed using deionised water followed by 0.9% NaCl solution to remove any drug traces that 
could be present on the surface of the larvae and improve analysis accuracy. The larvae were dried using paper towel, 
killed by freezing at -20 oC and stored at this temperature for future analysis. The weight and length of a random sample 
of 10 maggots was measured using an analytical balance and vernier callipers respectively and the results noted. For 
toxicological analysis approximately 2 g of pig liver homogenate were sampled at t = 0 and t = 78 hours and stored at -
20 oC. 
2.4. Identification of maggot species and developmental stage 
The growth stage and identity of the maggot was determined using a Carl Zeiss (Zeiss, Cape Town, South Africa) 
SteREO Discovery.V8 stereo microscope in conjunction with a larval identification key provided by Prins, [25]. 
2.5. Statistical analysis 
Statistical analysis of the growth data was performed using analysis of variance (ANOVA) and a t-test for parametric 
data, and the Kuskall-Wallis and Mann-Whitney U test for non-parametric data. Statistical analysis and figure 
generation was performed using Statistica version 12 software (Statsoft, Tulsa, OK, USA) and Microsoft® Office 
Excel® 2011 (Microsoft, Redmond, Washington, US). 
2.6. Amitriptyline extraction 
Amitriptyline extraction was performed on homogenised samples according to a combination of methodology by Sadler 
et al., [8] and Duke [26] with slight modification. A 4 ml solution of the homogenate in 0.9% NaCl was adjusted to pH 
12 using 0.5 N NaOH. The solution was then vortexed to re-suspend cellular material and debris. An equal volume of 
chlorobutane was added and the solution incubated at room temperature for 30 minutes. Aqueous and organic phase 
were separated via centrifugation at 4000 rpm for 15 minutes. The organic phase at the top of the tube was recovered. 
The remaining aqueous phase at the bottom of the tube was re-extracted using chlorobutane. 
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The organic layers were then concentrated together and evaporated under a constant stream of nitrogen gas at 50 oC 
until complete dryness. The dry samples were then covered in parafilm and stored at -80oC until analysis. 
2.7. Instrumental analysis 
Amitriptyline was reconstituted in 200 µl 10 mM ammonium formate in 50% ACN:MeOH (acetonitrile:methanol) 
solution and vortexed. This solution was then vortexed again and centrifuged at 13000 rpm for 5 minutes. The 
supernatant (20 µl) was then extracted and added to 180 µl of reconstitution reagent. Of this solution 10 µl was injected 
onto a C18 EVO column and the samples analysed using HPLC-MS/MS (AB SCIEX API 3200 Q-TRAP® HPLC/MS), 
and AB SCIEX MasterViewTM software analysis was used to process and analyse the results. 
3. Results and Discussion 
In this study the effect of Amitriptyline on the development of blow flies was examined for developmental time 
comparison between a negative control comprising of larvae not exposed to Amitriptyline and a treatment group 
comprising of larvae exposed to an Amitriptyline containing food source. Amitriptyline toxicological analysis was 
performed to determine the presence of Amitriptyline in 1st, 2nd and 3rd instar blow fly larvae.  
Diptera larvae species depending on offal collection sites were divided into three samples namely; Control 1 and 
Treatment 1, Control 2 and Treatment 2, Control 3 and Treatment 3. Control 2 and Treatment 2 refer to blow fly eggs 
obtained on the intestines of the offal, while Control 3 and Treatment 3 refer to blow fly eggs obtained on the underside 
of the offal. Control 1 and Treatment 1 were a mixture of the eggs obtained from the intestines and the underside of the 
offal. The Control 1, 2 and 3 refer to larvae not exposed to Amitriptyline. Treatments 1, 2 and 3 refer to larvae exposed 
to 1000 mg/kg Amitriptyline. 
During the 2nd and 3rd instar growth stages the blow fly larval species were identified as follows, Control 1 and 
Treatment 1: a mixture of Chrysomya chloropyga and Lucilia sericata; Control 2 and Treatment 2: Chrysomya 
chloropyga; Control 3 and Treatment 3: Lucilia sericata. Evidence of this classification was supported by further 
characterisation of emerged adult blow flies. 
3.1. Effect of Amitriptyline on blow fly development 
The time taken to reach a specific developmental stage for larvae was measured and results were as follows, Control 1, 
2 and 3 reached 2nd instar after approximately 12 ± 6 hours, while 3rd instar larvae were noted after approximately 18 ± 
6 hours. Pupae and imago in all controls were observed after 152 ± 12 hours and 248 ± 12 hours respectively. A 
similarity in growth durations with respect to all controls was expected, and this similarity indicates no unexpected 
experimental variance occurred within the controls. 
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Results in the controls with regard to the growth rate of the larvae show similarity to those obtained in Treatments 1, 2 
and 3. In all the treatment samples 2nd instar and 3rd instar larvae were observed after approximately 12 ± 6 hours and 18 
± 6 hours respectively and results showed no observable effect of Amitriptyline on the growth durations. The effect of 
Amitriptyline only became evident in the time taken to reach pupae and imago (Table 1). 
Table 1: Comparison of the time taken to reach pupae and imago between Control and Treatment samples. 
Growth 
Stage 
Control 1 
(Hours ± SE) 
Treatment 1 
(Hours ± SE) 
Control 2 
(Hours ± 
SE) 
Treatment 2 
(Hours ± SE) 
Control 3 
(Hours ± 
SE) 
Treatment 3 
(Hours ± SE) 
Pupae 152  ± 12 178 ± 2 152  ± 12 178 ± 2 152  ± 12 192 ± 2 
Imago 248 ± 12 320 ± 12 248 ± 12 392 ± 12 248 ± 12 - 
- no imago observed even at 536 hours 
Data in Table 1 shows that Treatment 1 and Treatment 2 reached pupation quicker than Treatment 3 suggesting more 
rapid growth in these treatments. Treatment 1 however reached imago before Treatment 2. No imago was observed 
emerging from Treatment sample 3 even after 536 hours. With this in mind results suggest that the approximate rates of 
development for the larval treatment samples can be ordered as follows; Treatment 1 > Treatment 2 > Treatment 3. 
Comparison of data in Treatment samples to Control 1 show that the difference in the time taken to reach pupae was 
26 ± 12 hours. The same time difference was noted between Treatment 2 and Control 2. Comparison of Treatment 3 to 
Control 3 suggests that the difference in time taken to reach pupae was 40 ± 12 hours. 
Difference in the time taken to observe imago between Treatment 1 and Control 1 is 72 ± 17 hours. With respect to 
Treatment 2 and Control 2 the time difference in the emergence of imago is 144 ± 17 hours. With Treatment 1 
containing an approximately equal amount of blow fly eggs from Treatment 2 and Treatment 3 added to it, upon imago 
emergence via eye inspection it was observed that there were a higher number of C. chloropyga adults as opposed to L. 
sericata adults. This can however be attributed to the possibility of C. chloropyga being the more dominant species. 
However, no ratios of species proportion numbers in comparison to total blow fly population were calculated. 
The data in Table 1 gives strong indication that the effect of Amitriptyline is mostly observable in the late 3rd instar, 
pupae and imago growth stages. Previously the effect of Amitriptyline on blow fly development had been studied by 
Goff et al., [27] who found a difference of 77 hours between the appearance of imago between control and treatment 
samples of Parasarcophaga ruficornis. The effect of Amitriptyline on C. chloropyga and L. sericata has not been 
studied yet. 
During growth, fatalities were noted in all treatment samples between 102 and 150 (126 hours average) hours post 
Amitriptyline exposure. These fatalities were attributed to a potential drug overdoses. Fatalities in larva arising from 
ingestion of drug laden food source have however been documented in previous studies [27]. During this time period 
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larvae began to appear sluggish in movement and it is worth noting that drowsiness or sluggish behaviour is a symptom 
of Amitriptyline overdose in humans. Drug pharmacokinetics in blow fly larvae research is minimal, however previous 
studies have shown possibility of drugs in larvae having the same effect as that in humans [23, 28, 29]. 
3.2. Effect of Amitriptyline on blow fly mass 
During development the largest larvae were sampled with respect to growth time for mass determination and analysis. 
Results are indicated in Table 2. 
Table 2: Mass /g of the blow fly species in the presence and absence of Amitriptyline over 200 hours 
Time /hours Control 1 
(grams) 
Treatment 1 
(grams) 
Control 2 
(grams) 
Treatment 2 
(grams) 
Control 3 
(grams) 
Treatment 3 
(grams) 
6 0,0054 0,0054 0,0054 0,0054 0,0054 0,0073 
12 0,016 0,0163 0,0105 0,0158 0,0201 0,0149 
18 0,0332 0,0385 0,0459 0,0439 0,0377 0,0379 
30 0,207 0,2008 0,2363 0,1475 0,1602 0,1552 
42 0,3099 0,3444 0,1888 0,2346 0,2823 0,1989 
54 0,3846 0,4798 0,2311 0,2594 0,338 0,2789 
66 0,374 0,5015 0,2317 0,2954 0,3164 0,2873 
78 0,4133 0,4768 0,2271 0,2756 0,3295 0,2951 
102 0,7952 0,7963 0,6359 0,669 0,7202 0,6593 
128 0,8412 0,8442 0,6725 0,6827 0,7736 0,6956 
152 0,8273 0,7415 0,7117 0,6388 0,7453 0,6577 
176 0,8147 0,6981 0,6687 0,6525 0,6953 0,6348 
200 0,7668 0,5761 0,5921 0,5191 0,6587 0,4965 
 
Data from Table 2 shows the average larvae mass of 10 larvae at a specific time interval. Table 3 indicates the 
percentage increase or decrease of blow fly larvae mass over the period of 200 hours. 
Results and data in Table 2 show that on average from 42 hours onwards Control 3 has a larger mass than Control 2 
(difference 0.07913 g). Control 1 has a larger average size larger than Controls 2 and 3 (difference 0.149 g and 0.06995 
g respectively). With regard to the treatment samples, comparison of Treatment 2 and Treatment 3 does not give any 
indication as to which sample contains larvae with a heavier mass (difference 0.00005 g respectively). Each sample has 
heavier larvae at a different time period. Treatment 1 however appears to have a larger average mass that Treatments 2 
and 3 (difference 0.1468 g and 0.146875 g respectively). Results in Table 1 suggest that the blow fly larvae in this 
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experiment have a larger average mass when different species are added together (Control 1 and Treatment 1) as 
opposed to individual growth. This adds on to the results in section 3.1 where better growth was noted when the 
different blow fly populations were added together. 
Comparing Control 1 to Treatment 1 data in Table 2, during the initial growth period shows that Treatment 1 has a 
larger mass than Control 1 until 152 hours, where an overall decrease in the mass of all the larval samples was noted. 
Interestingly this decrease in mass at 152 hours coincides with the appearance of pupae in the control samples noted in 
section 3.1. From data in Table 3 for 152 hours to 200 hours, Treatment 1 has more pronounced decreases in mass 
compared to Control 1 evidenced by the larger percentage decreases. 
Control 2 is similar in size to Treatment 2 up to 42 hours. From 42 hours to 128 hours Treatment 2 maintains a larger 
average size than Control 2. The mass in Control 2 only starts decreasing at 200 hours unlike Control 1 and Control 3 
that begin decreasing at 152 hours. The late decrease in mass can be attributed to species variation. An anomaly in the 
results is however noted in Control 2 at 42 hours where there was an unexpected drop in mass. A possible reason for the 
anomaly could be due to the sampling of the larvae. Treatment 2 also shows an unexpected result between 152 and 176 
hours. The mass decreases at 152 hours and increases at 176 hours before finally decreasing at 200 hours. This may 
again be due to to the sampling of larvae. 
Results in Table 2 with respect to Control 3 and Treatment 3 show that from 30 to 200 hours the control larvae have a 
larger average mass than the treatment. The result is different to that observed in Control 1 and Treatment 1, and 
Control 2 and Treatment 2. In these experiments the treatment larvae had an average mass larger than the controls up-
till 152 hours. Although Control 3 had a larger average mass than Treatment 3, results in Table 3 show the treatment 
sample had a more pronounced mass decrease at 152 hours and 200 hours. 
During the experimental steps the second food substrate was added at 78 hours. This explains the low mass increases in 
Table 3 observed at 66 hours where Control 1 and Control 3 larvae lost mass and Control 2 and Treatments 1, 2 and 3 
gained mass. This also explains the sharp increases in percentage mass that occurred at 102 hours. It is however notable 
that at 78 hours the Treatment samples 1 and 2 have a larger percentage mass decrease compared to their corresponding 
controls, and Treatment 3 has a lower percentage mass increase compared to Control 3. 
Table 3: Percentage increase and decrease of blow fly larval mass over a period of 200 hours 
Time /hours Control 1 
(%grams) 
Treatment 1 
(%grams) 
Control 2 
(%grams) 
Treatment 2 
(%grams) 
Control 3 
(%grams) 
Treatment 3 
(%grams) 
6 0,00 0,00 0,00 0,00 0,00 0,00 
12 196,30 201,85 94,44 192,59 272,22 104,11 
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18 107,50 136,20 337,14 177,85 87,56 154,36 
30 523,49 421,56 414,81 235,99 324,93 309,50 
42 49,71 71,51 -20,10 59,05 76,22 28,16 
54 24,10 39,31 22,40 10,57 19,73 40,22 
66 -2,76 4,52 0,26 13,88 -6,39 3,01 
78 10,51 -4,93 -1,99 -6,70 4,14 2,71 
102 92,40 67,01 180,01 142,74 118,57 123,42 
128 5,78 6,02 5,76 2,05 7,41 5,51 
152 -1,65 -12,17 5,83 -6,43 -3,66 -5,45 
176 -1,52 -5,85 -6,04 2,14 -6,71 -3,48 
200 -5,88 -17,48 -11,46 -20,44 -5,26 -21,79 
 
Overall from the data in Table 3, there is no clear trend as to the effect of Amitriptyline on the percentage increase in 
mass. Results vary at different time intervals. With respect to mass decreases in Treatment 1 a trend emerges. Data at 
152, 176 and 200 hours show that Treatment 1 larvae lose mass faster than Control 1. A slight trend is noted with 
respect to Control 2 and 3 and Treatments 2 and 3. At 176 hours however the Controls 2 and 3 have larger percentage 
decreases in mass than the treatment samples. The treatment samples all exhibit a larger percentage mass decrease at 
152 and 200 hours. Factoring in the mass percentage values obtained at 78 hours, results may suggest that Amitriptyline 
causes a low mass retention in blow fly larvae 
The consequence of low mass retention could possibly have an effect on imago emergence and/or potential size. The 
significant loss of larval mass could explain the longer time taken to reach pupation and imago in Table 1 section 3.1 
[30]. It is worth noting that at 200 hours Treatment 3 is associated with having the greatest percentage mass loss and 
could explain the lack of imago observed in section 3.1. Likewise of all the treatment samples Treatment 1 has the 
lowest percentage mass decrease and as a result this could explain the better growth observed in Table 1 compared to 
Treatments 2 and 3. 
3.3. Effect of Amitriptyline on blow fly length 
The effect of Amitriptyline on the length of blow fly larvae over a period of 200 hours was measured, and statistics 
(⍺=0.05) used to analyse results. 
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Figure 1: Length comparison of blow fly larvae in the absence of Amitriptyline. 
Data from Figure 1 shows that on average Control 3 has a larger length (P-value < 0.05) as opposed to Control 2. 
Results in Figure 1 also indicate that the length of Control 1 is similar to that of Control 3 (P value > 0.05). 
Figure 1 also shows that the length of the larvae is directly proportional to duration of growth. The only anomaly 
observed in the results is the decrease in length in Control 2 between 30 and 42 hour. This decrease in length coincides 
with the decrease in larval mass in Table 2. 
Comparing Figure 1 to Figure 2 there is a distinct difference in the behaviour of Treatment 3. In the control studies 
Control 1 and Control 3 had similar lengths, however data in Figure 2 shows that Treatment 1 is significantly larger 
than both Treatments 2 and 3. It is also observable that the length of Treatment 2 is now similar to that of Treatment 3 
(P-value > 0.05). 
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Figure 2: Length comparison of blow fly larvae in the presence of Amitriptyline. 
Results strongly suggest that the presence of Amitriptyline has had an effect on the behaviour of Treatment 3 larvae and 
reduced their length significantly. An interesting observation in the results is that all Treatment 1 samples have been 
observed to have a larger length, mass and quicker growth. 
 
 
Figure 3: Comparison of average blow fly larvae length between Control 1 and Treatment 1 
Figure 3 compares Treatment 1 to Control 1. From the results in Figure 3 there is no observable trend on the effect of 
Amitriptyline on blow fly larvae length. The lengths of the control and treatment larvae are similar at 12, 78, 102 and 
128 hours (P-values = 0.668, 0.683, 0.714 and 0.443 respectively). With the mass of Treatment 1 being larger than 
Control 1 (Table 2), it was expected that the treatment larvae would have a larger length as opposed to the control. With 
the exception of the result at 30 hours where the control was larger than treatment samples, Treatment 1 larvae are 
associated with larger lengths. From 152 hours onwards larvae exposed to Amitriptyline lost length faster than the 
control. 
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Figure 4: Length comparison of blow fly larvae between Control 2 and Treatment 2 
As previously observed in Figure 3 there is no definite trend observable as to the effect of Amitriptyline on blow fly 
larval length from the data in Figure 4. This is evidenced by the two graphs intersecting each other at 18, 36, 52, 56 and 
140 hours. The only observable trait in Figures 3 and 4 is the more pronounced decrease in larval length from 152 hours 
onwards. 
Analysis of the results Figure 5 gives evidence to the possibility of a trend between larval length comparison between 
treatment and control larvae. The graphs only intersect at 12 hours and remain separate up to 200 hours. With the 
exception of 12 hours, control larvae have a greater length as opposed to the treatment larvae up to 54 hours. At 54, 66, 
and 78 hours the lengths of the control and treatment larvae are similar (P-value = 0.0908, 0.424 and 0.0766 
respectively). As observed in the Figures 3 and 4, the presence of Amitriptyline is associated with a more rapid decline 
in the length of larvae. 
The lack of a definite trend as to the effect of Amitriptyline on the length and mass of blow fly larvae highlight the 
complications associated with the use of entomotoxicology in PMI estimation. The biological organisms are not 
predictable. With Control 3 and Treatment 3 consisting of L. sericata, the more defined behaviour that has been 
observed in Table 2 and Figure 5 where Treatment 3 has had a lower length and mass compared to Control 3 could be 
as a result of the phenotypic plasticity of L sericata as s species and coping with adverse environmental conditions [30], 
where the growth rate and larvae size are balanced to ensure survival. However, in this case imago was not observed 
and this is probably due to the lethal concentrations of Amitriptyline. 
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Figure 5: Length comparison of blow fly larvae between Control 3 and Treatment 3 
3.3. Amitriptyline toxicological analysis 
Toxicological analysis of the concentration of Amitriptyline showed the presence drug in the larvae samples up till 200 
hours of development. Previous research into drug detection in blow fly larvae has been performed with mixed results, 
with some drugs not being detected in larvae being fed on heavily drug laden muscle [31]. 
Unfortunately negative controls in the analysis also showed evidence of trace levels of Amitriptyline that could have 
been attributed to either contamination during the mechanical homogenisation process or contamination during the 
nitrogen drying of the samples. Care must ne taken to ensure that all instruments are thoroughly cleaned before use. 
Another solution, which may assist in eliminating cross contamination in future, is to prepare all control samples before 
preparing treatment samples. A further and possibly best solution for this problem would be to adopt bead vortexing or 
chemical treatment as method to macerate the blow fly larvae. Due to the high stability of Amitriptyline (8 weeks at 
room temperature) [32] it is not recommended to use the same containers to process treatment controls and samples 
even if they are washed, as there is still a possibility of cross contamination. 
Data in Figure 6 shows an example of the expected chromatogram during HPLC showing the presence of Amitriptyline. 
Amitriptyline has a retention time of approximately 2.5 minutes. 
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Figure 6: Selected example of HPLC chromatogram showing the presence of Amitriptyline 
3.4. Limitations 
The limitations for the analysis of Amitriptyline include; with no standardised experimental set-up results are difficult 
to compare due to the high variation of protocols. Any effects of Amitriptyline observed on the development of blow fly 
larvae can be noted, however the effect of standard or experimental variation cannot be conclusively ruled out. 
Although the qualitative analysis showed the possibility to detect Amitriptyline, a quantitative analysis protocol is 
required to improve the overall accuracy of the results, provided contamination issues can be addressed. Due to the 
inability to obtain a pure colony of blowfly larvae these results only present a brief overview of the effect of 
amitriptyline on blowfly growth. The accuracy of the results can be better improved through the obtainment of pure 
blowfly larvae colonies and increasing the number of larvae sampled and repeats. 
The extraction process also yields some emulsifications, and more research is required into researching more methods 
with fewer emulsifications. HPLC is expensive to run and a more sustainable and cheaper method is required for drug 
analysis such as spectrophotometric analysis. 
4. Conclusion 
In conclusion the effect of Amitriptyline on the development of blow fly larvae was studied for potential 
implementation in post-mortem estimation and toxicological analysis. Results indicate that Amitriptyline delays 
pupation in blow fly larvae by at least 26 hours and the emergence of imago by at least 72 hours. Due to the 
unpredictable behaviour of biological organisms, the presence of a trend as to the effect of Amitriptyline on blow fly 
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larvae and length could not be established for C. chloropyga however Amitriptyline was associated with a smaller 
length and mass in L. sericata. Amitriptyline could be detected in all treated blow fly larvae, however the negative 
controls tested positive for Amitriptyline. Possible future work could include the optimisation of the Amitriptyline 
extraction to reduce cross contamination and the possible quantification of the drug present in the larvae. 
Acknowledgements 
The authors would like to thank the National Research Foundation (NRF) South Africa for funding the research. 
Gratitude is also extended to Professor Peter Smith and the University of Cape Town, department of Pharmacology for 
assistance in toxicological analysis. 
Conflict of Interest 
The authors declare that there is no conflict of interest. 
Ethical approval 
Ethical clearance was obtained from the university of Cape Town Animal Research Ethics Committee reference: AEC 
015/022. All applicable institutional guideline for the care and use of animals were followed.  
 50 
References 
 
1. Anderson, G.S. and S.L. VanLaerhoven, Initial studies on insect succession on carrion in Southwestern British 
Columbia. Journal of Forensic Science, 1996. 41(4): p. 617–625. 
2. Bertino, A.J., Forensic Science: Fundamentals and Investigations. 1 ed, ed. J.W. Calhoun and K. Schmohe. 
2008, United Kingdom: South-Western Cengage Learning. 
3. Kintz, P., B. Godelar, A. Tracqui, P. Mangin, A. Lugnier, and A.J. Chaumont, Fly larvae: a new toxicological 
method of investigation in forensic medicine. Journal of Forensic Science, 1990. 35(1): p. 204-207. 
4. Kintz, P., A. Tracqui, B. Ludes, J. Waller, A. Boukhabza, P. Mangin, A.A. Lugnier, and A.J. Chaumont, Fly 
larvae and their relevance in forensic toxicology. The American Journal of Forensic Medicine and Pathology, 
1990. 11(1): p. 63-65. 
5. Gagliano-Candela, R. and L. Aventaggiato, The detection of toxic substances in entomological specimens. 
International Journal of Legal Medicine, 2001. 114(4-5): p. 197-203. 
6. Kharbouche, H., M. Augsburger, D. Cherix, F. Sporket, C. Giroud, W. Claude, C. Champod, and P. Mangin, 
Codeine accumulation and elimination in larvae, pupae and imago of the blow fly Lucilla sericata and effects 
on its development. International Journal of Legal Medicine, 2008. 122: p. 205-211. 
7. Introna, F., C. Lo Dico, Y.H. Caplan, and J.E. Smialek, Opiate analysis in cadaveric blow fly larvae as an 
indicator of narcotic intoxication. Journal of Forensic Science, 1990. 35: p. 118-122. 
8. Sadler, D.W., J. Richardson, S. Haigh, G. Bruce, and D.J. Pounder, Amitriptyline accumulation and 
elimination in Calliphora vicina larvae. American Journal of Forensic Medical Pathology, 1997. 18: p. 397-
403. 
9. Tracqui, A., C. Keyser-Tracqui, P. Kintz, and B. Ludes, Entomotoxicology for the forensic toxicologist: much 
ado about nothing? International Journal of Legal Medicine, 2004. 118: p. 194-196. 
10. Gosselin, M., S.M.R. Wille, M. del Mar Ramirez Fernandez, V. Di Fazio, N. Samyn, G. De Boeck, and B. 
Bourel, Entomotoxicology, experimental set-up and interpretation for forensic toxicologists. Forensic Science 
International, 2011. 208(1-3): p. 1-9. 
11. Greenberg, B., Flies as forensic indicators. Journal of Medical Entomology, 1991. 28: p. 565-577. 
12. Anderson, G.S., Minimum and maximum development rates of some forensically important 
Calliphoridae(Diptera). Journal of Forensic Science, 2000. 45: p. 824-832. 
13. Roe, A. and L.G. Higley, Development modelling of Lucilla sericata(Diptera: Calliphoridae). PeerJ, 2015. 3: 
p. e803. 
14. Africa, D.o.H.R.o.S., Primary Health Care: Standard Treatment Guidlines and Essential Medicines List. 4 ed. 
2008, Pretoria, South Africa: The National Department of Health South Africa. 
15. Waller, D.G., A.P. Sampson, A.G. Renwick, and K. Hillier, Depression, attention deficit hyperactivity 
disorder and narcolepsy, in Medical Pharmacology and Therapeutics. 2014, Elsevier Sanders: Philadelphia. p. 
293-308. 
16. Bryson, H.M. and M.I. Wilde, Amitriptyline. A review of its pharmacological properties and therapeutic use in 
chronic pain states. Drugs and Aging, 1996. 8(6): p. 459-476. 
17. Paudel, K.R., B.P. Das, G.P. Rauniar, H. Sangraula, S. Deo, and S.K. Bhattacharya, Antinociceptive effect of 
amytriptyline in mice of acute pain models. Indian Journal of experimental Biology, 2007. 45: p. 529-531. 
18. Sukhai, A., C. Harris, R. Moonrad, and M.A. Dada, Suicide by self-immolation in Durban, South Africa: A 
five-year retrospective review. American Journal of Forensic Medicine & Pathology., 2002. 23: p. 295-298. 
19. Scribante, L., R. Blumenthal, G. Saayman, and J.L. Roos, A retrospective review of 1018 suicide cases from 
the capital city of South Africa for the period 1997-2000. American Journal of Forensic Medical Pathology, 
2004. 25: p. 52-55. 
20. Burrow, S. and L. Laflamme, Suicide mortality in South Africa: A city-level comparison across socio-
demographic groups. Social Psychiatry and Pyschiatric Epidemiology, 2006. 41: p. 108-114. 
21. Stark, K., G. Joubert, M. Struwig, M. Pretorius, M. Van der Merwe, H. Botha, P. Kotze, and D. Krynauw, 
Suicide cases investigated at the state mortuary in Bloemfontein. South African African Family Practice, 2010. 
52: p. 332-335. 
22. Bertolote, J.M. and A.A. Fleischmann, A global perspective in the epidemiology of suicide. Suicidologi, 2002. 
7: p. 6-7. 
23. Mullany, C., P.A. Keller, A.S. Nugraha, and J.F. Wallman, Effects of Methamphetamine and its Primary 
human metabolite, p-hydroxymethamphetamine, on the development of the Australian blow fly Calliphora. 
Forensic Science International, 2014. 241: p. 102-111. 
24. Gosselin, M., V. Di Fazio, S.M.R. Wille, M. Del Mar Ramirez, M. Fernandez, N. Samyn, B. Bourel, and P. 
Rasmont, Methadone determination in puparia and its effect on the development of Lucilia sericata (Diptera, 
Calliphoridae). Forensic Science International, 2011. 209: p. 154-159. 
25. Prins, A.J., Morphological and biological notes on six South African Blow flies (Diptera, Calliphoridae) and 
their immature stages. Annals of the South African Museum, 1982. 90(4): p. 201-217. 
 51 
26. Duke, L.D., Method Validation for Amitriptyline and nortriptyline in Artificial Foodstuff. 2004, Ottawa, in 
Cprc. 2004, Canadian Police Research Centre: Ottawa. 
27. Goff, M.L., W.F. Brown, A.I. Omori, and D.A. LaPointe, Preliminary observations of the effects of 
Amitriptyline in decomposing tissues on the development of Parasarcophaga ruficornis (Diptera: 
Sarcophagidae) and implications of this effect to estimation of postmortem interval. Journal of Forensic 
Science, 1993. 38(2): p. 316-322. 
28. Goff, M.L., W.A. Brown, and A.I. Omori, Preliminary observations of the effect of methamphetamine in 
decomposing tissues on the development rate of Parasarcophaga ruficornis (Diptera: Sarcophagidae) and 
implications of this effect on the estimations of postmortem intervals. Journal of Forensic Science, 1992. 37(3): 
p. 867-872. 
29. de Carvalho, L.M.L., A.X. Linhares, and F.A. Badan Palhares, The effect of cocaine on the development rate of 
immatures and adults of Chrysomya albiceps and Chrysomya putoria (Diptera: Calliphoridae) and its 
importance to postmortem interval estimate. Forensic Science International, 2012. 220(1): p. 27-32. 
30.      Day, T. and I. Rowe, Developmental thresholds and the evolution of reaction norms for age and size at ife 
history transitions. The American Naturalist, 2002. 159: p. 338-350. 
31. Wilson, Z., S. Hubbard, and D.J. Pounder, Drug analysis in fly larvae. American Journal of Forensic Medical 
Pathology, 1993. 14: p. 118-120. 
32. Sweetman, S.C., Martindale: The Complete Drug Reference. 36 ed. 2009, London: Pharmaceutical Press. 
 
 
  
 52 
 
 
 
 
 
 
 
 
APPENDICES 
 
  
 53 
APPENDIX A: ETHICAL APPROVAL LETTER 
 
  
 54 
  
 55 
 
APPENDIX B: ACKNOWLEDGEMENTS 
 
My sincerest thanks to: 
 
• My supervisor, Dr Marise Heyns for the constant support and guidance over the past year 
full of trials and tribulations. 
• My co-supervisor, Mr Calvin Gerald Mole for his patience and the extra work he took upon 
himself to ensure the success of the project. 
• Ms Bronwen Davies, for guidance and project support 
• Professor Peter Smith and the University of Cape Town Pharmacology Department, for 
technical assistance and toxicological analysis. 
• Winelands Pork, for donating porcine specimens fundamental to the success of the research 
project. 
• Medical Research Centre (M.R.C) Cape Town, the location of the fynbos biome used to 
collect sample specimens 
• National Research Foundation, for providing the scholarship and funding that ensured this 
research was a success. It was been an honour being supported by such a reputable 
institution. 
• My parents, for their continued unwavering love and support throughout my entire career 
and love. I would not have made it this far without you! 
• Almighty God for opening up doors and a path for me that no man can ever close. 
• The “#Professional” group, my second family. It was a pleasure having you as colleagues 
and knowing you all. 
 
 56 
APPENDIX C: AUTHOR GUIDELINES 
 
 
 57 
YSTR/YSNP database 
MANUSCRIPT SUBMISSION 
Manuscript Submission 
Submission of a manuscript implies: that the work described has not been published before; that 
it is not under consideration for publication anywhere else; that its publication has been 
approved by all co-authors, if any, as well as by the responsible authorities - tacitly or explicitly 
- at the Institute where the work has been carried out. The publisher will not be held legally 
responsible should there be any claims for compensation. 
Permissions 
Authors wishing to include figures, tables, or text passages that have already been published 
elsewhere are required to obtain permission from the copyright owner(s) for both the print and 
online format and to include evidence that such permission has been granted when submitting 
their papers. Any material received without such evidence will be assumed to originate from the 
authors. 
Online Submission 
Please follow the hyperlink "Submit online" on the right and upload all of your manuscript files 
following the instructions given on the screen. 
TITLE PAGE 
Title Page 
The title page should include: 
The name(s) of the author(s) 
A concise and informative title 
The affiliation(s) and address(es) of the author(s) 
The e-mail address, telephone and fax numbers of the corresponding author 
Abstract 
Please provide an abstract of 150 to 250 words. The abstract should not contain any undefined 
abbreviations or unspecified references. 
Keywords 
Please provide 4 to 6 keywords which can be used for indexing purposes. 
TEXT 
Text Formatting 
Manuscripts should be submitted in Word. 
Use a normal, plain font (e.g., 10-point Times Roman) for text. 
H· Use italics for emphasis. 
Use the automatic page numbering function to number the pages. 
"· Do not use field functions. 
 58 
a, Use tab stops or other commands for indents, not the space bar. 
1,· Use the table function, not spreadsheets, to make tables. 
H· Use the equation editor or Math Type for equations. 
;;, Save your file in docx format (Word 2007 or higher) or doc format (older Word 
versions). 
Manuscripts with mathematical content can also be submitted in LaTeX. 
LaTeX macro package (zip, 182 kB) 
Headings 
Please use no more than three levels of displayed headings. 
Abbreviations 
Abbreviations should be defined at first mention and used consistently thereafter. 
Footnotes 
Footnotes can be used to give additional information, which may include the citation of a 
reference included in the reference l ist. They should not consist solely of a reference citation, 
and they should never include the bibliographic details of a reference. They should also not 
contain any figures or tables. 
Footnotes to the text are numbered consecutively; those to tables should be indicated by 
superscript lower-case letters (or asterisks for significance values and other statistical data). 
Footnotes to the title or the authors of the article are not given reference symbols. 
Always use footnotes instead of endnotes. 
Acknowledgments 
Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the 
title page. The names of funding organizations should be written in full. 
REFERENCES 
Citation 
Reference citations in the text should be identified by numbers in square brackets. Some 
examples: 
1. Negotiation research spans many disciplines [3]. 
2. This result was later contradicted by Becker and Seligman [5]. 
3. This effect has been widely studied (1-3, 7]. 
Reference list 
The list of references should only include works that are cited in the text and that have been 
published or accepted for publication. Personal communications and unpublished works should 
only be mentioned in the text. Do not use footnotes or endnotes as a substitute for a reference 
list. 
The entries in the list should be numbered consecutively. 
,,. Joumal article 
 59 
asterisks for significance values and other statistical data} and included beneath the 
table body. 
ARTWORK AND ILLUSTRATIONS GUIDELINES 
Electronic Figure Submission 
,;. Supply all figures electronically. 
11, Indicate what graphics program was used to create the artwork. 
11· For vector graphics, the preferred format is EPS; for halftones, please use TIFF 
format. MSOffice files are also acceptable. 
11, Vector graphics containing fonts must have the fonts embedded In the files. 
11, Name your figure files with "Fig" and the figure number, e.g., Fig1 .eps. 
Line Art 
100 
- • · Amebold mlcroglla 
- b. Ramified mlcroglla 
.r 
E 
~ 
~ 10 
..i- --- ~--
,,"' ...... .. 
,, 
-
,, 
-~ 
~ 4xANOVA: P =0.25 
Ill 
C 
GI 
,::J 
~ 
~ 
u 
~ 1 
a, 
0 
.. 
u 
i 
' 
' ', .... r 
...... 
...... 
...... 
' -I-- - - -1 
1xANOVA: P =0.01 ' each 
4XANOVA: P:0.04 ' 
0 
DLPFC ACC HI MD 
,.. Definition: Black and white graphic with no shading. 
Do not use faint lines and/or lettering and check that all lines and lettering within the 
figures are legible at final size. 
"' All lines should be at least 0.1 mm (0.3 pt} wide. 
.. Scanned line drawings and line drawings in bitmap format should have a minimum 
resolution of 1200 dpi. 
Vector graphics containing fonts must have the fonts embedded in the files. 
Halftone Art 
Definition: Photographs, drawings, or paintings with fine shading, etc. 
If any magnification is used in the photographs, indicate this by using scale bars 
within the figures themselves. 
Halftones should have a minimum resolution of 300 dpi. 
 60 
Combination Art 
Group I • mG1111a 
• mGlu11) 
• m01u1d 
• mOlu1E66 301 
lMO 
1199 
906 
808 
• mGluSe 
, mGluStl 
1171 
Group II • rnG1us 
'm0~64 
Group Ill • mGlufle 
' mOluet> 
J m01u7a 
"'mG.nb 
• mGlu7c 
.. m01u7d 
• mGlu7e 
• mOluea 
, mGlua> 
0 mGluec 
9311 
S35 
871 
508 
c:=======:::it11Dl1J:=:::1• 815 
...... _ 822 
92,4 
1111 
IIOG 
__________ _. ........................ .__ _ _. _908 
IIOG 
Definition: a combination of halftone and line art, e.g., halftones containing line 
drawing, extensive lettering, color diagrams, etc. 
Combination artwork should have a minimum resolution of 600 dpi. 
Color Art 
Color art is free of charge for online publication. 
If black and white will be shown in the print version, make sure that the main 
information will still be visible. Many colors are not distinguishable from one another 
when converted to black and white. A simple way to check this is to make a 
1203 
 61 
xerographic copy to see if the necessary distinctions between the different colors are 
still apparent. 
If the figures will be printed in black and white, do not refer to color in the captions. 
Color illustrations should be submitted as RGB (8 bits per channel}. 
Figure Lettering 
11· To add lettering, it is best to use Helvetica or Arial (sans serif fonts). 
n, Keep lettering consistently sized throughout your final-sized artwork, usually about 
2- 3 mm (8-12 pt}. 
11, Variance of type size within an illustration should be minimal, e.g., do not use 8-pt 
type on an axis and 20-pt type for the axis label. 
11, Avoid effects such as shading, outline letters, etc. 
n· Do not include titles or captions within your Illustrations. 
Figure Numbering 
All figures are to be numbered using Arabic numerals. 
Figures should always be cited in text in consecutive numerical order. 
Figure parts should be denoted by lowercase letters (a, b, c, etc.). 
If an appendix appears in your article and it contains one or more figures, continue 
the consecutive numbering of the main text. Do not number the appendix figures, 
"A 1, A2, A3, etc.• Figures in online appendices (Electronic Supplementary Material) 
should, however, be numbered separately. 
Figure Captions 
11· Each figure should have a concise caption describing accurately what the figure 
depicts. Include the captions in the text file of the manuscript, not in the figure file. 
11, Figure captions begin with the term Fig. in bold type, followed by the figure number, 
also in bold type. 
No punctuation is to be included after the number, nor is any punctuation to be 
placed at the end of the caption. 
11, Identify all elements found in the figure in the figure caption; and use boxes, circles, 
etc., as coordinate points in graphs. 
11, Identify previously published material by giving the original source in the form of a 
reference citation at the end of the figure caption. 
Figure Placement and Size 
Figures should be submitted separately from the text, if possible. 
When preparing your figures, size figures to fit in the column width. 
For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide 
and not higher than 234 mm. 
For books and book-sized journals, the figures should be 80 mm or 122 mm wide 
and not higher than 198 mm. 
Permissions 
If you include figures that have already been published elsewhere, you must obtain permission 
from the copyright owner(s) for both the print and online format. Please be aware that some 
 62 
publishers do not grant electronic rights for free and that Springer will not be able to refund any 
costs that may have occurred to receive these permissions. In such cases, material from other 
sources should be used. 
Accessibility 
In order to give people of all abilities and disabilities access to the content of your figures, 
please make sure that 
All figures have descriptive captions (blind users could then use a text-to-speech 
software or a text-to-Braille hardware) 
Patterns are used Instead of or in addition to colors for conveying information 
(colorblind users would then be able to distinguish the visual elements) 
Any figure lettering has a contrast ratio of at least 4.5:1 
ELECTRONIC SUPPLEMENTARY MATERIAL 
Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other 
supplementary files to be published online along with an article or a book chapter. This feature 
can add dimension to the author's article, as certain information cannot be printed or is more 
convenient in electronic form. 
Submission 
Supply all supplementary material in standard file formats. 
Please include in each file the following information: article title, journal name, author 
names; affiliation and e-mail address of the corresponding author. 
To accommodate user downloads, please keep in mind that larger-sized files may 
require very long download times and that some users may experience other 
problems during downloading. 
Audio, Video, and Animations 
Aspect ratio: 16:9 or 4:3 
Maximum file size: 25 GB 
Minimum video duration: 1 sec 
Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, 
m4v, 3gp 
Text and Presentations 
Submit your material in PDF format; .doc or .ppt files are not suitable for long-term 
viability. 
A collection of figures may also be combined in a PDF file. 
Spreadsheets 
Spreadsheets should be converted to PDF if no interaction with the data is intended. 
If the readers should be encouraged to make their own calculations, spreadsheets 
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Collecting Multiple Files 
It Is possible to collect multiple files in a .zip or .gz file. 
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content of the file. 
Processing of supplementary files 
Electronic supplementary material will be published as received from the author 
without any conversion, editing, or reformatting. 
Accessibility 
In order to give people of all abilities and disabilities access to the content of your 
supplementary files, please make sure that 
The manuscript contains a descriptive caption for each supplementary material 
Video files do not contain anything that flashes more than three times per second (so 
that users prone to seizures caused by such effects are not put at risk) 
ETHICAL RESPONSIBILITIES OF AUTHORS 
This journal is committed to upholding the integrity of the scientific record. As a member of the 
Committee on Publication Ethics (COPE) the journal will follow the COPE guidelines on how to 
deal with potential acts of misconduct. 
Authors should refrain from misrepresenting research results which could damage the trust in 
the journal, the professionalism of scientific authorship, and ultimately the entire scientific 
endeavour. Maintaining integrity of the research and its presentation can be achieved by 
following the rules of good scientific practice, which include: 
i,· The manuscript has not been submitted to more than one journal for simultaneous 
consideration. 
The manuscript has not been published previously (partly or in full}, unless the new 
work concerns an expansion of previous work (please provide transparency on the 
re-use of material to avoid the hint of text-recycling ("self-plagiarism")). 
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submissions and submitted to various journals or to one journal over time (e.g. 
'salami-publishing·). 
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("plagiarism"). Proper acknowledgements to other works must be given (this includes 
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quotation marks are used for verbatim copying of material, and permissions are 
secured for material that is copyrighted. 
Important note: the journal may use software to screen for plagiarism. 
a, Consent to submit has been received explicitly from all co-authors, as well as from 
the responsible authorities - tacitly or explicitly - at the institute/organization where 
the work has been carried out, before the work Is submitted. 
11, Authors whose names appear on the submission have contributed sufficiently to the 
scientific work and therefore share collective responsibility and accountability for the 
results. 
In addition: 
Changes of authorship or in the order of authors are not accepted after acceptance 
of a manuscript. 
Requesting to add or delete authors at revision stage, proof stage, or after 
publication is a serious matter and may be considered when justifiably warranted. 
Justification for changes in authorship must be compelling and may be considered 
only after receipt of written approval from all authors and a convincing, detailed 
explanation about the role/deletion of the new/deleted author. In case of changes at 
revision stage, a letter must accompany the revised manuscript. In case of changes 
after acceptance or publication, the request and documentation must be sent via the 
Publisher to the Editor-in-Chief. In all cases, further documentation may be required 
to support your request. The decision on accepting the change rests with the Editor-
in-Chief of the journal and may be turned down. Therefore authors are strongly 
advised to ensure the correct author group, corresponding author, and order of 
authors at submission. 
Upon request authors should be prepared to send relevant documentation or data in 
order to verify the validity of the results. This could be in the form of raw data, 
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If there is a suspicion of misconduct, the journal will carry out an investigation following the 
COPE guidelines. If, after investigation, the allegation seems to raise valid concerns, the 
accused author will be contacted and given an opportunity to address the issue. If misconduct 
has been established beyond reasonable doubt, this may result in the Editor-in-Chiefs 
implementation of the following measures, including, but not limited to: 
If the article is still under consideration, it may be rejected and returned to the author. 
If the article has already been published on line, depending on the nature and 
severity of the infraction, either an erratum will be placed with the article or in severe 
cases complete retraction of the article will occur. The reason must be given in the 
published erratum or retraction note. 
The author's institution may be informed. 
COMPLIANCE WITH ETHICAL STANDARDS 
To ensure objectivity and transparency in research and to ensure that accepted principles of 
ethical and professional conduct have been followed, authors should include information 
regarding sources of funding, potential conflicts of interest (financial or non-financial), informed 
consent if the research involved human participants, and a statement on welfare of animals if 
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Disclosure of potential conflicts of interest 
Research involving Human Participants and/or Animals 
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submitting your article check the instructions following this section carefully. 
The corresponding author should be prepared to collect documentation of compliance with 
ethical standards and send if requested during peer review or after publication. 
The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned 
guidelines. The author will be held responsible for false statements or failure to fulfill the above-
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DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST 
Authors must disclose all relationships or interests that could have direct or potential influence 
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received for consultancy work is inappropriate. Examples of potential conflicts of interests that 
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here: 
The corresponding author will include a summary statement in the text of the manuscript in a 
separate section before the reference list, that reflects what is recorded in the potential conflict 
of Interest disclosure form(s). 
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Funding: This study was funded by X (grant number X). 
Conflict of Interest: Author A has received research grants from Company A. Author B has 
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If no conflict exists, the authors should state: 
Conflict of Interest: The authors declare that they have no conflict of interest. 
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I) Statement of human rights 
When reporting studies that involve human participants, authors should include a statement that 
the studies have been approved by the appropriate institutional and/or national research ethics 
committee and have been performed in accordance with the ethical standards as laid down in 
the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. 
If doubt exists whether the research was conducted in accordance with the 1964 Helsinki 
Declaration or comparable standards, the authors must explain the reasons for their approach, 
and demonstrate that the independent ethics committee or institutional review board explicitly 
approved the doubtful aspects of the study. 
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Ethical approval: "All procedures performed in studies involving human participants were in 
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guidelines for the care and use of animals have been followed, and that the studies have been 
approved by a research ethics committee at the institution or practice at which the studies were 
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Ethical approval: "All applicable international, national, and/or institutional guidelines for the 
care and use of animals were followed." 
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